SUBSTITUTE SPECIFICATION 



PATTERN INSPECTION METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] This is a divisional application of 

application serial no. 09/986,299, attorney docket no. 
501.40830X00 (HIROI, et al.), filed November 8, 2001. 

[0002] The present invention relates to a method 

and apparatus for fabricating substrates having circuit 
patterns, such as semiconductor devices and liquid crystal 
display devices, and, more particularly, to a technique for 
inspecting substrate patterns in a fabrication process. 

[0003] Conventional optical or electron-beam 

pattern inspection apparatuses have been proposed in JP-A 
Nos. H5 (1993) -2 58 7 03, Hll (1999) -16024 7, 8 61 (1986) -278706, 
H7 (1995) -5116, H2 ( 1990 ) -14 6682 , H9 ( 1997 ) -312318 , and H3 
(1991) -85742, for example. 

[0004] FIG. 1 shows an example of an electron-beam 

pattern inspection apparatus of the type disclosed in JP-A 
No. H5 ( 1 993 ) -258703 . In this conventional electron-beam 
pattern inspection apparatus, an electron beam 2 emitted 
from an electron source 1 is deflected in the X direction 
by a deflector 3, and the electron beam 2 thus deflected 
impinges on an object substrate 5 under test after passing 
through an objective lens 4. Simultaneously, while a stage 
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6 is moved continuously in the Y direction, secondary 
electrons 7 or the like produced from the object substrate 
5 are detected by a detector 8. Thus, a detected analog 
signal is output from the detector 8. Then, through an A/D 
converter 9, the detected analog signal is converted into a 
digital image. In an image processor circuit 10, the 
digital image thus produced is compared with a reference 
digital image which is expected to be identical thereto. If 
any difference is found, the difference is judged to be a 
pattern defect 11, and the location thereof is determined. 

[0005] FIG. 2 shows an example of an optical 

pattern inspection apparatus of the type in JP-A No. Hll 
( 1999) -160247 . In this conventional optical inspection 
apparatus, a light beam emitted frau a light source 21 is 
applied to an object substrate 5 under test through an 
objective lens 22, and light reflected from the object 
substrate 5 is detected by an image sensor 23. While a 
stage 6 is noved at a constant speed, detection of 
reflected light is repeated to produce a detected image 24. 
The detected image 24 thus produced is stored into a memory 
25. In an image processing circuit 10, the detected image 
24 is ocupared with a previously memorized reference image 
27, which is expected to have a pattern identical to that 
of the detected image 24. If the pattern of the detected 
image is identical to that of the reference image 27, it is 
judged that there is no defect, on the object substrate 5. 
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If these patterns are not identical to each other, a 
pattern defect 11 is recognized, and the location thereof 
is determined - 

[0006] As an example, FIG. 3 shows a layout of a 

wafer 31 corresponding to the object substrate 5. On the 
wafer 31, there are formed dice 32 which are to be 
separated eventually as individual identical products. The 
stage 6 is moved along a scanning line 33 to detect images 
in a stripe region 34. In a situation where a detection 
position A 35 is currently taken, a pattern image attained 
at the detection position A 35 is compared with a pattern 
image attained at a detection position B 36 (reference 
pattern image 27), which has been stored in the memory 25. 
Thus, each pattern image is compared with a reference 
pattern image which is expected to be identical thereto. In 
this arrangement, the memory 25 has a storage capacity 
sufficient for retaining reference pattern image data to be 
used for comparison, and the circuit structure of the 
memory 25 is designed to perform a circular-shift memory 
operation . 

[0007] In the following two examples, a defect 

check is conducted using a binary image of an object under 
test. In synchronization with pattern detection, a judgment 
is formed on whether a pattern of the object is defective 
or not while ignoring a possible defect in a particular 
mask region. 
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[0008] In JP-A No. 361(1986 )-278706, there is 

disclosed an example of a technique for inspecting 
through-holes on a printed circuit board. In this 
inspection technique, a printed circuit board having 
through-holes only in a non-inspection region thereof is 
prepared beforehand, and an image of the printed circuit 
board is taken prior to inspection. A binary image 
indicating the presence/absence of through-holes is thus 
attained for masking, and it is stored as image data in a 
masking data storage. At the tine of inspection, if a 
difference found in binary image comparison is located at a 
position included in a mask region stored in the masking 
data storage, the difference is ignored for non-inspection. 

[0009] In JP-A No. H7 ( 1995 ) -5116, there is 

disclosed an example of a technique for printed circuit 
board inspection. In this inspection technique, a pattern 
is detected to provide binary image data, and using the 
binary image data, a judgment is formed on whether the 
detected pattern is normal or not; more specifically, it is 
checked to determine whether the detected pattern meets any 
specified regular pattern or not. If not, the detected 
pattern is judged to be defective. 

[0010] In the following two examples, using pattern 

data, a dead zone is provided for the purpose of allowing 
an error at a pattern boundary in inspection. 

[0011] In JP-A No. H2 (1990) -146682, there is 
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disclosed an example of an inspection technique in which a 
mask pattern is compared with design data. Through 
calculation of design data, a pattern is reduced by a 
predetermined width to attain a reduced image, and also the 
pattern, is enlarged by a predetermined width to attain an 
enlarged image. Then, a part common to the reduced image 
and the enlarged image is extracted to provide a dead zone 
having a certain width. Thus, using the design data, a mask 
region is provided so that an error at a pattern boundary 
having a certain width will be ignored during inspection. 

[0012] In JP-A No. H9(1997 )-312318, there is 

disclosed an example of a technique for inspecting patterns 
using a scanning electron microscope (hereinafter referred 
to just as a "SEM"). Using a reference image acquired in 
advance, a vicinal area of a pattern edge is set up as a 
region where no critical defect occurs, since a minuscule 
deviation of a pattern edge is not regarded as a defect . 
Thus, an image of the region where no critical defect 
occurs is ignored. If any difference is found between the 
reference image and an image of a pattern under test, 
excluding the region where no critical defect occurs, the 
difference is judged to be a pattern defect. 

[0013] In JP-A . No. H3 ( 1 9 91 ) -8 57 4 2 , there is 

disclosed an example of a system for carrying out 
comparative inspection of printed circuit patterns. An 
image of a candidate defect attained in comparative 
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inspection, is stored in memory. Then, not simultaneously 
with the comparative inspection, the memorized image is 
examined to judge whether a difference is actually a defect 
or not . 

[0014] On an object under test, there is an area 

where a considerable difference is found in comparative 
inspection of patterns, even if the - difference is not 
actually a defect. For example, on an ion-implanted region 
for formation of a transistor, a non-defective difference 
may be found in comparative inspection of patterns. 
Although a difference between a part where ions have been 
implanted and a part where ions have not been implanted is 
important at a location of a transistor element, the 
characteristics of wiring areas, other than transistor 
element locations, are not affected by the presence/absence 
of implanted ions. Therefore, in an ion implantation 
process, rough masking is used to determine where ions are 
to be implanted. However, in electron-beam inspection of 
wiring areas, a considerable difference attributable to 
whether implanted ions are present or not may be detected, 
resulting in a wrong judgment indicating that the 
difference represents a defect. 

[0015] Further, for example, in a power line layer 

where redundant wiring is provided, even if a part of the 
wiring is not connected, circuit normality can be ensured 
by providing a connection at another point. Therefore, in 



6 



some cases, rough patterning is provided for a power wiring 
arrangement, so that no-connection on pattern elements are 
left. In comparative inspection of detected images, a 
difference attributable to whether a connection is provided 
or not nay be found, resulting in a wrong judgment 
indicating that the difference represents a defect. 

[0015] Still further, for example, on a pattern 

edge, a detected signal level varies depending on the 
thickness/inclination of a film thereof. Although up to a 
certain degree of variation in detected signal output may 
be ignored, a considerable difference in detected signal 
output is likely to be taken as a defect mistakenly. A 
degree of false defect detection is however applicable as 
an index representing product quality- It is desirable to 
examine the degree of false defect detection and preclude 
false defects before carrying out defect inspection, 

[0017] In the conventional optical /electron-beam 

pattern inspection apparatuses disclosed in JP-A Nos . 
H5(1993) - 258703 and Hll (1999) -160247 , it is not allowed 
to set up a non-inspection region. 

[0018] In the inspection techniques disclosed in 

JP-A Nos. S61 (1986) -278706 and H7 (1995)-5116, there is 
provided a non-inspection region. However, according to an 
example presented in JP-A No. S61 ( 1986) -278706, it is 
required to specify a non-inspection region covering a very 
large area by using a bit pattern. In application to wafer 
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inspection, a wafer surface area 300 mm in diameter has to 
be inspected using pixels each having a size of 0.1 pm. 
This requires an impractically large number of pixels, 
i.e., seven tera-pixels (seven terabits). According to the 
inspection technique disclosed in JP-A No. H7 (1995) - 
5116, any areas other than regular pattern areas are 
treated as non-inspection regions. Since very complex 
patterns are formed on a wafer, a non-inspection region 
cannot be set up just by means of simple pattern 
regularity . 

[0019] In the inspection techniques disclosed in 

JP-A Nos. H2 (1990) - 146682 and H9 ( 1997 ) -312318 , the use 
of a non-inspection region is limited to a pattern edge, 
and therefore it is not allowed to set up a non-inspection 
region at an arbitrary desired location. 

[0020] In the inspection system disclosed in JP-A 

No. H3 (1991) - 85742, image data of a candidate defect is 
stored, and then detail inspection is carried out using the 
stored image data to check whether a difference is actually 
a defect or not. This approach is applicable to inspection 
of complex pattern geometries- However, based on 
predetermined criteria, a judgment is formed on whether a 
difference is actually a defect or not. Any part may be 
judged to be normal if requirements based on predetermined 
criteria are satisfied. That is to say, once a part is 
judged to be normal, data regarding the part will be lost. 
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[0021] As described above, in the conventional 

pattern inspection techniques, it is not allowed for a user 
to set up a non-inspection region effective for a device 
having a complex, large pattern area to be inspected, such 
as a wafer. Further, in cases where a considerable 
difference is found in comparative inspection of detected 
images even if the difference is not actually a defect, it 
is likely to be misjudged that the difference represents a 
defect. In addition to these disadvantages, the 
conventional pattern inspection techniques are also 
unsatisfactory as regards stability in detection of 
minuscule defects . 
SUMMARY OF THE INVENTION 

[0022] It is therefore an object of the present 

invention to overcome the above-mentioned disadvantages of 
the prior art by providing a pattern inspection method and 
apparatus for enabling a user to easily set up a 
non-inspection region effective for a device having a 
complex, large pattern area to be inspected. 

[0023] In accomplishing this object of the present 

invention, and according to one aspect thereof, there is 
provided a pattern inspection apparatus such as shown in 
FIG. 4. While an exemplary configuration of an 
electron-beam pattern inspection apparatus is presented 
here, an optical pattern inspection apparatus can be 
configured in the sane fashion in principle. The 



9 



electron-beam pattern inspection apparatus shown in FIG. 4 
comprises an electron source 1 for emitting an electron 
beam 2, a deflector 3 for deflecting the electron beam 2, 
an objective lens 4 for converging the electron beam 2 onto 
an object substrate 5 under test, a stage 6 for bolding the 
object substrate 5 and for scanning/positioning the object 
substrate 5, and a detector 8 for detecting secondary 
electrons 7 or the like produced from the object substrate 
5 to output a detected analog signal. An A/D converter 9 
converts the detected analog signal into a digital image, 
and an image processor circuit 10 compares the converted 
digital image with a reference digital image expected to be 
identical thereto and identifies a difference found in 
comparison as a candidate defect 40. A candidate defect 
memory part 41 is provided for storing feature quantity 
data of each candidate defect 40, such as coordinate data, 
projection length data and shape data, and a mask setting 
part 44 examines pattern defects 11 stored in the candidate 
defect memory part 41 and flags a candidate defect located 
in a mask region 42 (shown in FIG. 5), prespecified with 
coordinates, as a masked defect 43 (shown in FIG. 5) . An 
operation display 45 is provided on which data of pattern 
defects 11 received from the mask setting part 44 is 
displayed, an image of a selected pattern defect 11 is 
displayed, and the mask region 42 is displayed or edited. 

[0024] The operations in the electron-beam pattern 
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inspection apparatus, configured as mentioned above, will 
be described. Referring now to FIG. 5, the mask region 42 
will be described first. 

[0025] On the object, substrate 5, there is an area 

where a considerable difference is found in comparative 
inspection of patterns, even if the difference is not 
actually a defect, such as a region 50 where ions have been 
implanted. In actual practice, during ion implantation, 
ions are likely to be implanted in a deviated fashion, 
i.e., a deviated ion-implanted part 52 is formed in 
addition to normal ion-implanted pattern parts 51. The 
deviated ion-implanted part 52 has no adverse effect on 
device characteristics, i.e., the deviated ion-implanted 
part 52 should be judged to be non-defective. However, the 
deviated ion-implanted part 52 is detected as a pattern 
defect 11. Therefore, an area including the ion-implanted 
region 50 is set up as a mask region 42, and a possible 
defect in the mask region 42 is treated as a masked defect 
43. Since the sane die pattern is formed repetitively on 
the wafer 31 shown in FIG. 3, on-die coordinates are used 
in region recognition. Parts, having the sane coordinates 
on different dice are regarded as identical, and if in-die 
coordinates of a part are included in a specified region, 
it is regarded that the part is included in the specified 
region. For the wafer 31, beam shots are also characterized 
by repetitiveness besides dice. Each shot is a unit of beam 
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exposure in a pattern exposure system used for 
semiconductor device fabrication. For identifying some 
kinds of false defects to be precluded in pattern 
inspection, the use of shots may be more suitable than that 
of dice with respect to pattern repetitiveness . Although 
the following description handles dice, it will be obvious 
to those skilled in the art that shots are applicable in 
lieu of dice and that an arrangement may be provided for 
allowing a changeover between shots and dice. 

[0026] Operations in the electron-beam pattern 

inspection apparatus according to the present invention 
include a conditioning operation in which the mask region 
42 is defined and an inspection operation in which any 
candidate defect 40 detected in other than the mask region 
42 is judged to be a pattern defect. 

[0027] In the conditioning operation, the mask 

region 42 is cleared, the electron beam 2 emitted from the 
electron source 1 is deflected in the X direction by the 
deflector 3, and the electron beam 2 thus deflected is 
applied to the object substrate 5 through the objective 
lens 4 . Simultaneously, while the stage 6 is moved 
continuously in the Y direction, secondary electrons 7 or 
the like produced from the object substrate 5 are detected 
by the detector 8. Thus, a detected analog signal is output 
from the detector 8. Then, through the A/D converter 9, the 
detected analog signal is converted into a digital image. 
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In the image processor circuit 10, the digital image thus 
produced is compared with a reference digital image which 
is expected to be identical thereto. If any difference is 
found in comparison, the difference is indicated as a 
candidate defect 40. Feature quantity data of each 
candidate defect 40, such as coordinate data, projection 
length data and shape data (image data), is stored into the 
candidate defect memory part 41. In the mask setting part 
44, pattern defects 11 are set using feature quantity data 
of respective candidate defects 40. The pattern defects 11 
are superimposed on an image of the object substrate 5, and 
the resultant image is presented on a map display part 55 
of an operation display 45 (screen), as shown in FIG. 6. 
The user can select any one of the pattern defects 11 
(including true defects 57 and, false defects 58 not to be 
detected, in FIG. 6) on the map display part 55 of the 
operation display 45. An image of a pattern defect 11 
selected on the map display part 55 is presented on an 
image display part 56 of the operation display 45. By 
checking the image of each of the pattern defects 11 on the 
image display part 56, the user classifies the pattern 
defects 11 into true defects 57 and false defects 58 not to 
be detected- The results of this classification are 
indicated as particular symbols on the map display part 55. 

[0028] After completion of the defect 
classification mentioned above, the user selects an 
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operation display screen shown in FIG. 7, which comprises a 
map display part 55 for presenting an enlarged map 
including true defects 57, false defects 58 not to be 
detected and a current position indicator 59, and an image 
display part 56 for presenting an image corresponding to 
the current position indicator 59. On the map display part 
55, the user can specify a mask region 42 and check a 
position of each pattern defect 11. With reference to 
classification information on each pattern defect 11 and 
the image corresponding to the current position indicator 
59, the user sets up coordinates of a mask region 42 so 
that the false defects 58 will not be detected. As 
required, the user carries out the conditioning operation 
again to set up the coordinates of the mask region 42 note 
accurately . 

[0029] In the inspection operation, the electron 

beam 2 emitted from the electron source 1 is deflected in 
the X direction by the deflector 3, and the electron beam 2 
thus deflected is applied to the object substrate 5 through 
the objective lens 4. Simultaneously, while the stage 6 is 
moved continuously in the Y direction, secondary electrons 
7 or the like produced from the object substrate 5 are 
detected by the detector 8. Thus, a detected analog signal 
is output from the detector 8. Then, through the A/D 
converter 9, the detected analog signal is converted into a 
digital image. In the image processor circuit 10, the 
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digital image thus produced is compared with a reference 
digital image which is expected to be identical thereto. If 
any difference is found in comparison, the difference is 
indicated as a candidate defect 40. Feature quantity data 
of each candidate defect 40, . such as coordinate data, 
projection length data and shape data (image data), is 
stored into the candidate defect memory part 41. The 
feature quantity data of each candidate defect 40 is 
examined to judge whether the candidate defect 40 is 
located in the specified mask region 42 or not. If it is 
determined that the candidate defect 40 is not located in 
the specified mask region 42, the candidate defect 40 is 
defined as a pattern defect 11. Then, the pattern defect 11 
is superimposed on an image of the object substrate 5, and 
the resultant image is presented on the map display part 
55. Even if the candidate defect 40 is not defined as a 
pattern defect 11, the feature quantity data thereof is 
retained so that it can be displayed again. This makes it 
possible for the user to avoid forming a wrong judgment 
that a considerable non-defective difference is a defect. 

[0030] In the above-mentioned arrangement of the 

present invention, the mask setting part 44 is used for 
determining a false defect not to be detected. While 
coordinates are used in the mask setting part 44 as 
exemplified above, any other pattern data or feature 
quantity data of each candidate defect image is also 
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applicable for identification. On a pattern edge, a degree 
of variation in detected signal out put dues not depend on, 
coordinates, and therefore pattern-edge feature quantity 
data is used for identification instead of coordinate data, 

[0031] Further, while masking is made for 

non-inspection of candidate defects, as exemplified above, 
another inspection means, or a method of inspection based 
on another criterion is also applicable to examination of 
an area corresponding to a mask region. In this case, 
according to conditions specified by the user after 
inspection, a defect judgment can be formed again regarding 
candidate defects 40 stored in the candidate defect memory 
part 41. 

[0032] As described above, and according to the 

present invention, the user can set up a non-inspection 
region which is effective for a device having a complex, 
large pattern area to be inspected, such as a wafer. 
Further, in cases where a considerable difference is found 
in comparative inspection of detected images, even if the 
difference is not actually a defect, the present invention 
makes it possible to avoid false defect detection while 
carrying out detection of minuscule defects. 

[0033] These and other objects, features and 

advantages of the invention will be apparent from the 
following mere particular description of preferred 
embodiments of the invention, as illustrated in the 
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accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a schematic diagram of a 

conventional electron-beam pattern inspection apparatus; 

[0035] FIG. 2 is a schematic diagram of a 

conventional optical pattern inspection apparatus; 

[0036] FIG. 3 is a plan view showing a layout of a 

wafer ; 

[0037] FIG. 4 is a schematic diagram of an 

electron-beam pattern inspection apparatus, showing an 
arrangement of first problem-solving means according to the 
present invention; 

[0038] FIG. 5 is a diagrammatic plan view 

illustrating operation of the first problem-solving means 
according to the present invention; 

[0039] FIG. 6 is a diagram showing the layout of a 

defect check screen; 

[0040] FIG. 7 is a diagram showing the layout of a 

mas k region setting screen; 

[0041] FIG. 8 is a schematic diagram showing the 

configuration of an electron-beam pattern inspection 
apparatus in a first preferred embodiment of the present 
invention; 

[0042] FIG. 9 is a diagram showing a startup screen 

in the first preferred embodiment of the present invention; 
[0043] FIG. 10 is a diagram showing a contrast 
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adjustment screen for recipe creation in the first 
preferred embodiment of the present invention; 

[0044] FIG. 11 is a diagram showing a trial 

inspection initial screen for recipe creation in the first 
preferred embodiment of the present invention; 

[0045] FIG. 12 is a plan view of a wafer, showing a 

scanning sequence in the first preferred embodiment of the 
present invention; 

[0046] FIG. 13 is a diagran showing a trial 

inspection defect check screen for recipe creation in the 
first preferred embodiment of the present invention; 

[0047] FIG. 14 is a diagram showing a mask region 

setting screen for recipe creation in the first preferred 
embodiment of the present invention; 

[0048] FIG. 15 is a diagram showing an inspection 

defect check screen in the first preferred embodiment of 
the present invention; 

[0049] FIG. 16 is a schematic diagram showing the 

configuration of an electron-beam pattern inspection 
apparatus in a second preferred embodiment of the present 
invention; 

[0050] FIG. 17 is a diagran showing an image 

processing region setting screen for recipe creation in the 
second preferred embodiment of the present invention; 

[0051] FIG. 18 is a schematic diagram showing the 

configuration of an electron-beam pattern inspection 
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apparatus in a third preferred embodiment of the present 
invention; 

[0052] FIG. 19 is a diagran showing a defect check 

screen for recipe creation in the third preferred 
embodiment of the present invention; and 

[0053] FIG. 20 is a diagram showing an image 

processing feature quantity data setup screen for recipe 
creation in the third preferred embodiment of the present 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0054] The present invention will now be described 

in detail by way of example with reference to the 
accompanying drawings - 
Embodiment 1 : 

[0055] A first preferred embodiment of the present 

invention will be described. FIG. 8 shows the configuration 
of an electron-beam pattern inspection apparatus according 
to the first preferred embodiment of the present invention. 
The electron-beam pattern inspection apparatus comprises an 
electron optical system 106, including: an electron source 
1 for emitting an electron beam 2 from an electron gun in 
which the electron beam 2 from the electron source 1 is 
extracted and accelerated by an electrode to produce a 
virtual electron source at a predetermined point through an 
electrostatic or magnetic field superimposing lens; a 
condenser lens 60 for converging the electron beam 2 from 
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the virtual electron source at a predetermined convergence 
point; a blanking plate 63 which is equipped in the 
vicinity of the convergence point of the electron beam 2 
for turning on/off the electron beam 2; a deflector 105 for 
deflecting the electron beam 2 in the X and Y directions; 
and an objective lens 4 for converging the electron beam 2 
onto an object substrate (wafer 31) . 

[0056] Further, the electron-beam pattern 

inspection apparatus comprises a specimen chamber 107 in 
which the object substrate (wafer 31) is held in a vacuum; 
a stage 6 where the wafer 31 is mounted and to which a 
retarding voltage 108 is applied for enabling detection of 
an image at an arbitrary position; and a detector 8 for 
detecting secondary electrons 7 or the like produced from 
the object substrate to output a detected analog signal. 
An A/D converter 9 is provided for converting the detected 
analog signal into a digital image, which is stored in a 
memory 109 for storing digital image data, and an image 
processor circuit 10 compares the converted digital image 
with a reference digital image stored in the memory 109 and 
identifies a difference found in comparison as a candidate 
defect 40. A candidate defect memory part 41, which stores 
feature quantity data of each candidate defect 40, such as 
coordinate data, projection length data and shape data, is 
provided in a general control part 110, in which the 
overall apparatus control is conducted, with feature 
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quantity data of each pattern defect 11 being received from 
the candidate defect memory part 41. A mask region 42 
(shown in FIG. 5) is set as region data, and a candidate 
defect located in the mask region 42 is flagged as a masked 
defect 43 (shown, in FIG. 5) (control lines from the 
general control part 110 are not shown in FIG. 8) . An 
operation display 45 is provided on which data of pattern 
defects 11 is displayed, an image of a selected pattern 
defect 11. is displayed, and the mask region 42 is displayed 
or edited. 

[0057] Still further, the electron-beam pattern 

inspection apparatus comprises a keyboard, a mouse and a 
knob (not shown) for operation and control; a Z sensor for 
measuring the height level of each wafer 31 to maintain a 
focal point of a detected digital image through control of 
a current applied to the objective lens by adding an offset 
112; a loader (not shown) for loading the wafer 31 from its 
cassette 114 to the specimen chamber 107 and for unloading 
the wafer 31 from the specimen chamber 107 to the cassette 
114; an orientation flat detector (not shown) for 
positioning the wafer 31 according to the circumferential 
shape of the wafer 31; an optical microscope 118 for 
allowing observation of a pattern on the wafer 31; and a 
standard specimen 119, which is set on the stage 6. 

[0058] Operations in the first preferred embodiment 

include a conditioning operation, in which a mask region 42 
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is set up, and an inspection operation, in which any 
candidate defect 40 detected in other than the mask region 
42 is exanined as a pattern defect. 

[0059] In the conditioning operation, a user opens 

a startup screen shown in FIG. 9 on the operation display 
45. On a slot selection part 130 of the startup screen, the 
user selects a code number of a slot where the wafer 31 to 
be inspected is contained. Then, on a recipe selection part 
131, the user specifies a product type of the wafer 31 and 
a process step thereof, and the user presses a recipe 
creation start button 132 for starting the conditioning 
operation. The conditioning operation includes contrast 
setting for the electron optical system, pattern layout 
setting for the wafer 31, pattern positioning alignment for 
the wafer 31, calibration in which a signal level of the 
wafer 31 is checked at a position where the signal level is 
indicated accurately, inspection condition setting, mask 
region setting, and a setup condition check in trial 
inspection. The contrast setting, mask region setting, and 
trial inspection, which form essential parts of the present 
invention, will be described. 

[0060] The general control part 110 provides 

operational instructions to each part in the following 
manner . 

[0061] First, the general control part 110 issues 

an operational instruction to the loader (not shown) so 
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that the loader takes the wafer 31 out of the cassette 114. 
Then, through the use of the orientation flat detector (not 
shown) , the circunf erential shape of the wafer 31 is 
checked, and the wafer 31 is positioned according to the 
result of this check. The wafer 31 is then mounted on the 
stage 6, and the specimen chamber 107 is evacuated. 
Simultaneously, the electron optical system and the 
retarding voltage 108 are conditioned. A voltage is applied 
to the blanking plate 63 to turn off the electron beam 2. 
The stage 6 is moved so that the standard specimen 119 can 
be imaged, and an output of the Z sensor 113 is made 
effective. While a focal point of the electron beam 2 from 
the electron optical system is maintained at a position 
corresponding to "a value detected by the Z sensor 113 + an 
offset 112", raster scanning is performed by the deflector 
105. In synchronization with this raster scanning, the 
voltage applied to the blanking plate 63 is turned off so 
that the wafer 31 is irradiated with the electron beam 2 as 
required. Backscattered electrons or secondary electrons 
produced from the wafer 31 are detected by the detector 8, 
which then outputs a detected analog signal. Through the 
A/D converter 9, the detected analog signal is converted 
into a digital image. By changing the offset 112, a 
plurality of digital images are detected, and in the 
general control part 110, an optimum offset for maximizing 
the sun of image differential values is determined. The 
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optimum offset thus determined is set up as the current 
offset value. 

[0062] After the optimum off set is established, 

the output of the Z sensor 113 is made ineffective, and a 
screen transition is made to the contrast adjustment screen 
shown in FIG. 10. The contrast adjustment screen comprises: 
a map display part 55 having a map display area, a button 
for controlling display of the entire wafer or die map, and 
a mouse operation command button 140 for controlling 
position movement or item selection by the use of the mouse 
(not shown) ; an image display part 56, having an image 
display area and an image changeover button 141 for setting 
an image magnification, for selecting an optical micrograph 
image attained through the optical microscope 118 or a SEM 
image attained through the electron optical system, and for 
specifying a kind of image; a recipe creation item 
selection button 142; a recipe creation end button 133; and 
a recipe save button 134. On the contrast adjustment 
screen, the user sets the mouse operation command button 
14 0 to a movement mode, and performs movement on the map by 
clicking the mouse to view an image at the current position 
on the image display part. Then, the user assigns an 
adjustment item of the electron optical system to the knob, 
and adjusts each part of the electron optical system to 
attain proper contrast. 

[0063] The recipe creation end button 133 is used 



24 



for terminating recipe creation; the recipe save button 134 
is used for saving recipe condition data; and the recipe 
creation item selection button 142 is used for setting 
another condition and issuing an instruction for screen 
transition. These buttons are available on all of the 
screens. To open a trial inspection initial screen, as 
shown in FIG. 11, the user sets the recipe creation item 
selection button 142 to a trial inspection item. 

[0064] The trial inspection initial screen 

comprises a map display part 55, a recipe creation end 
button 133, a recipe save button 134, a recipe creation 
item selection button 142, an inspection start button 143, 
and an inspection end bit ton 144. The user sets the mouse 
operation command button 140 to a selection mode. Then, by 
clicking a die on the map display part 55, the user can 
select /deselect the die for trial inspection. Each die can 
thus be selected for trial inspection. After selecting any 
die for trial inspection, the user presses the inspection 
start button 143 to start trial inspection. When trial 
inspection is started, the stage 6 is driven for movement 
to a scanning start position of the region to be inspected 
on the wafer 31 mounted thereon. A pre-measured offset 
value inherent in the wafer 31 is added to the offset 112, 
and the Z sensor 113 is made effective. Then, along the 
scanning line 33 shown in FIG. 3, the stage 6 is scanned in 
the Y direction. In synchronization with this stage 
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scanning, the deflector 105 is scanned in the X direction. 
During a period of of fective scanning, a voltage to the 
blanking plate 63 is turned off to let the electron beam 2 
fall on the wafer 31 for scanning the surface thereof. 
Backscattered electrons or secondary electrons produced 
from the wafer 31 are detected by the detector 8, and 
through the A/D converter 9, a digital image of the stripe 
region 34 is attained. The digital image thus attained is 
stored into the memory 109. After completion of the 
scanning operation of the stage 6, the Z sensor 113 is made 
ineffective. The entire region of interest can be inspected 
by repeating stage scanning. In cases were the entire 
surface of the wafer 31 is inspected, the scanning sequence 
shown in FIG. 12 is adopted. 

[0065] When the detection position A 35 is selected 

in the image processor circuit 10, an image attained at the 
detection position A 35 is compared with an image attained 
at the detection position B 36, which has been stored in 
the memory 109. If any difference is found in the 
comparison, the difference is extracted as a candidate 
defect 40 to prepare a list of pattern defects 11. The list 
of pattern defects 11 thus prepared is sent to the general 
control part 110. In the general control part 110, feature 
quantity data of each pattern defect 11 is taken out of the 
candidate defect memory part 41. A pattern defect 11 
located in the mask region 42, which has been registered in 
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a recipe, is flagged as a masked defect 43 (feature 
quantity data thereof is flagged) . After completion of 
inspection of the entire region of interest, the user opens 
a trial inspection defect check screen shown in FIG. 13. 

[0065] The trial inspection defect check screen 

comprises a defect display editing part 150 for displaying 
feature quantity data of defects and editing classification 
thereof, a map display part 55 in which a current position 
indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displayed on a layout of 
the wafer 31, an image display part 56 in which an image 
taken at the current position is displayed, a display 
changeover button 151 for turning on/off masked defects 43, 
and other buttons which have already been described. The 
user sets the mouse operation command button 140 to the 
selection mode, and then clicks any pattern defect 11 
indicated on the nap display part 55. Thus, an image of the 
pattern defect 11 is presented on the image display part 
56, and feature quantity data thereof is presented on the 
defect display editing part 150. On the defect display 
editing part 150, the pattern defect 11 is subjected to 
classification according to the image and feature quantity 
data thereof, i.e., a class code is assigned to the feature 
quantity data of the pattern defect 11. At this step, if it 
is desired to treat the pattern defect 11 as a masked 
defect, a particular class code is assigned thereto. Thus, 
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it can be identified as a masked defect on the map display 
part 55. After completion of the defect classification, the 
user makes a transition to a mask region setting screen, as 
shown in FIG. 14, by using the recipe creation item 
selection button, or the user returns to the trial 
inspection initial screen by pressing the inspection end 
button - 

[0067] The mask region setting screen comprises a 

map display part 55 in which a current position indicator 
59 indicating the current position, class code symbols of 
pattern, defects 11 and a mask region 42 are displayed on a 
layout of the wafer 31; an image display part 55 in which 
an image taken at the current position is displayed; a 
display changeover button 151 for turning on/off masked 
defects 43, a new region button 160 for creating a new mask 
region; a completion button 161 for indicating the end of 
creation of a new mask region; and other buttons which have 
already described. Note that the map display part 55 
presents the entire die region. The current position 
indicator 59 and pattern defects 11 in the entire die 
region are indicated in representation of on-die 
coordinates . 

[0068] The user sets the mouse operation command 

button 140 to the movement mode, and then clicks in the 
vicinity of a class code of any defect to be masked for 
making movement thereto. Thus, an image of the defect to be 
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masked is presented on the image display part 56. If the 
user judges that a mask region should be formed, the user 
presses the new creation button 160 to select a region 
creation mode. In this mode, the user defines a mask region 
by clicking at the upper left corner and the lower right 
corner thereof on the image display part. The mask region 
thus defined (mask region 42) is indicated on the map 
display part 55. After creating the mask region, as 
mentioned above, the user can turn on/off masked defects 43 
by pressing the display changeover button 151 to confirm 
the location of the defect to be masked. When the mask 
region 42 is set tp as required, the user presses the 
recipe save button 134 for saving data of the mask region 
42 in a recipe . 

[0069] After saving the data of the mask region 42, 

the user presses the completion button 161 to return to the 
trial inspection defect check screen. Further, on the trial 
inspection defect check screen, the user presses the 
inspection end button 144 to return to the trial inspection 
initial screen. Then, it is also possible for the user to 
select another die for trial inspection. For confirming and 
terminating the above-mentioned recipe creation session, 
the user presses the recipe creation end button 133. Upon 
completion of the recipe creation, the wafer 31 is unloaded 
back to the cassette 114. 

[0070] The following description is directed to the 
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inspection operation in which any candidate defect detected 
in other than the mask region is examined as a pattern 
defect. In the inspection operation, the user opens the 
startup screen shown in FIG. 9 on the operation display 45. 
On the slot selection part 130 of the start tp screen, the 
user selects a code number of a slot were the wafer 31 to 
be inspected is contained. Then, on the recipe selection 
part 131, the user specifies a product type of the wafer 31 
and a process step thereof, and the user presses the 
inspection start button 330 for starting the inspection 
operation. After wafer loading, alignment and calibration 
are performed, inspection processing is carried out. Then, 
defect check and defect data output are perfornad, and 
wafer unloading is carried out at the end of inspection. 
The inspection processing and defect check, which form 
essential parts of the present invention, will now be 
described . 

[0071] When the user presses the inspection start 

button 330 to indicate the start of inspection, the stage 6 
is driven for movement to a scanning start position of the 
region to be inspected on the wafer 31 mounted thereon. A 
pre-measured offset value inherent in the wafer 31 is added 
to the offset 112, and the Z sensor 113 is made effective. 
Then, along the scanning line 33 shown in FIG. 3, the stage 
6 is scanned in the Y direction. In synchronization with 
this stage scanning, the deflector 105 is scanned in the X 
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direction. During a period of effective scanning, a voltage 
to the blanking plate 63 is turhed off to let the electron 
beam 2 fall on the wafer 31 for scanning the surface 
thereof. Backscattered electrons or secondary electrons 
produced from the wafer 31 are detected by the detector 8, 
and through the A/D converter 9, a digital image of the 
stripe region 34 is attained. The digital image thus 
attained is stored into the memory 109. After completion of 
the scanning operation of the stage 6, the Z sensor 113 is 
made ineffective. The entire region of interest can be 
inspected by repeating stage scanning. In cases where the 
entire surface of the wafer 31 is inspected, the scanning 
sequence shown in FIG. 12 is adopted. 

[0072] When the detection position A 35 is selected 

in the image processor circuit 10, an image attained at the 
detection position A 35 is ccnpared with an image attained 
at the detection position B 36, which has been stored in 
the memory 109. If any difference is fonnd in comparison, 
the difference is extracted as a candidate defect 40 to 
prepare a list of pattern defects 11. The list of pattern 
defects 11 thus prepared is sent to the general control 
part 110. In the general control part 110, feature quantity 
data of each pattern defect 11 is taken out of the 
candidate defect memory part 41. A pattern defect 11 
located in the mask region 42, which has been registered in 
a recipe, is flagged as a masked defect 43 (feature 
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quantity data thereof is flagged) . After completion of 
inspection of the entire region of interest, the inspection 
defect check screen shown in FIG- 15 is opened. 

[0073] The inspection defect check screen comprises 

a defect display editing part 150 for displaying feature 
quantity data of defects and editing classification 
thereof, a map display part 55 in which a current position 
indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displayed on a layout of 
the wafer 31, an image display part 56 in which an image 
taken at the current position is displayed, a display 
changeover button 151 for turning on/off masked defects 43, 
and an inspection end button 144 for indicating the end of 
inspection . 

[0074] The user sets the mouse operation command 

button 140 to the selection mode, and then clicks any 
pattern defect 11 indicated on the map display part 55. 
Thus, an image of the pattern defect 11 is presented on the 
image display part 56, and feature quantity data thereof is 
presented on the defect display editing part 150. On the 
defect display editing part 150, the pattern defect 11 is 
subjected to classification according to the image and 
feature quantity data thereof, i.e., a class code is 
assigned to the feature quantity data of the pattern defect 
11. Using the display changeover button 151, the user can 
turn on/off masked defects 43 to check for any pattern 
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defect in the mask region 41. To terminate the inspection 
defect check session nentioned above, the user presses the 
inspection end button 144. Each classified pattern defect 
11 and feature quantity data thereof are stored into memory 
means (not shown) in the general control part 110, and also 
delivered to external memory means (not shown) through a 
communication line (not shown) or to other 

inspection/observation means (not shown). Then, control is 
returned to the initial screen. 

[0075] According to one aspect of the first 

preferred embodiment, the entire surface of each wafer can 
be inspected using a SEM image thereof without regard to 
pattern defects in the mask region 42, i.e., true pattern 
defects 57 alone can be indicated to the user for easy 
identification thereof. 

[0076] Further, according to another aspect of the 

first preferred embodiment, it is also possible to display 
masked defects in the mask region 42. Therefore, in cases 
where rough patterning is used to form a redundant power 
wiring layer, the degree of, roughness in patterning can be 
examined by turning on/off the masked defects. 

[0077] Still further, according to another aspect 

of the first preferred embodiment, the mask region 42 can 
be set so as to mask false defects which have been 
identified under actual inspection conditions. It is 
therefore possible for the user to define proper masking. 
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[0078] Furthermore, according to another aspect of 

the first preferred embodiment, a different mask region 42 
can be created additionally. Therefore, in cases where 
masking has been defined using an object containing a smal 
degree of random variation, the user can set up a new mask 
region additionally for providing proper masking as 
required . 

[0079] In a first nodified form of the first 

preferred embodiment, mask region management may be 
implemented in a part of image processing function 
hardware, instead of using the general control part that i 
a computer system. In this modified arrangement, 
essentially the same functionality is provided. Since the 
number of detectable defects is limited in terms of output 
capacity, this limitation can be removed by using image 
processing function hardware for mask region management . 

[0080] In a second modified form of the first 

preferred embodiment, plural kinds of mask regions may be 
set up while only one kind of mask region has been treated 
in the forgoing description. In this modified arrangement, 
false defects due to plural kinds of causes can be 
classified for defect data management. By turning on/off 
indications of false defects according to each kind of 
cause, the user can check the conditions thereof. Thus, it 
is possible for the user to preclude only mininun false 
defects for carrying out proper inspection. 
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[0081] In a third modified form of the first 

preferred embodiment, a mask region on the mask region 
setting screen may be automatically defined as a 
rectangular region having a size approximately two tines as 
large as the projection length of any false defect not to 
be detected. By merging neighboring mask regions, a mask 
region is determined using data of pattern defects 
classified without intervention of the user. In this 
modified arrangement, a flask region can be generated 
precisely through automatic operation. For example, masking 
at hundreds of points can be provided automatically so as 
to allow for easy identification- As a further modified 
form of this nodif ication , there may be provided an 
arrangement in which an automatically determined mask 
region can be redefined or edited. 

[0082] In a fourth modified form of the first 

preferred embodiment, a mask region may be determined using 
design data in inspection of rough patterning for power 
wiring, ion implantation, or the like. In this modified 
arrangement, the user can set up a mask region for each 
kind of false defect while saving the time of input. 

[0083] In a fifth modified form of the first 

preferred embodiment, pattern defects are indicated on 
layout information at a networked CAD display terminal 
instead of being indicated on layout information stored in 
the inspection apparatus. In this modified arrangement, 

35 



possible defects on each layer in rough patterning and fine 
patterning can be identified with ease. 
Embodiment 2 : 

[0084] A second preferred embodiment of the present 

invention will be described. FIG. 16 shows an example of 
the configuration of an electron-beam pattern inspection 
apparatus according to the second preferred embodiment of 
the present invention. The electron-beam pattern inspection 
apparatus comprises an electron optical system including: 
an electron source 1, for emitting an electron beam 2 from 
an electron gun in which the electron beam 2 from the 
electron source 1 is extracted and accelerated by an 
electrode to produce a virtual electron source at a 
predetermined point through an electrostatic or magnetic 
field superimposing lens; a condenser lens 60 for 
converging the electron beam 2 from the virtual electron 
source at a predetermined convergence point; a blanking 
plate 63 which is equipped in the vicinity of the 
convergence point of the electron beam 2 for turning on/off 
the electron beam 2; a deflector 105 for deflecting the 
electron beam 2 in the X and Y directions; and an objective 
lens 4 for converging the electron beam 2 onto an object 
substrate . 

[0085] Further, the electron-beam pattern 

inspection apparatus comprises a specimen chamber 107 in 
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which the object substrate (wafer 31) is held in a vacuum; 
a stage 6 where the wafer 31 is mounted and to which a 
retarding voltage 108 is applied for enabling detection of 
an image at an arbitrary position; and a detector 8 for 
detecting secondary electrons 7 or the like produced from 
the object substrate to output a detected analog signal. An 
A/D converter 9 is provided for converting the detected 
analog signal into a digital image, which is stored in a 
memory 109 for storing digital image data, and an image 
processor circuit 202 compares the converted digital image 
with a reference digital image stored in the memory 109 and 
identifies a difference, found in the comparison by 
changing an image processing condition 201 for each image 
processing region 200, as a pattern defect 11. A general 
control part 110 is provided, in which feature quantity 
data of each pattern defect 11, such as coordinate data, 
projection length data and shape data, is handled (control 
lines from the general control part 110 are not shown in 
FIG, 16); and an operation display 45 is provided on which 
data of pattern defects 11 is displayed, an image of a 
selected pattern defect 11 is displayed, and each image 
processing region 200 is displayed or edited. 

[0086] Still further, the electron-beam pattern 

inspection apparatus comprises a keyboard, a mouse and a 
knob (not shown) for operation and control; a Z sensor 113 
for measuring the height level of each wafer 31 to maintain 
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a focal point of a detected digital image through control 
of a current applied to the objective lens by adding an 
offset 112; a loader (not shown) for loading the wafer 31 
from its cassette 114 to the specimen chamber 107 and 
unloading the wafer 31 from the specimen chamber 107 to the 
cassette 114; an orientation flat detector (not shown) for 
positioning the wafer 31 according to the circumferential 
shape of the wafer 31; an optical microscope 118 for 
allowing observation of a pattern on the wafer 31; and a 
standard specimen 119 which is set on the stage 6. 

[0087] Operations in the second preferred 

embodiment include a conditioning operation, in which an 
image processing region 200 and an image processing 
condition 201 thereof are set up, and an inspection 
operation, in which pattern defects 11 are detected. 

[0088] In the conditioning operat<Lon, the user 

opens the startup screen shown in FIG. 9 on the operation 
display 45. On a slot selection part 130 of the startup 
screen, the user selects a code number of a slot where the 
wafer 31 to be inspected is contained. Then, on a recipe 
selection part 131, the user specifies a product type of 
the wafer 31 and a process step thereof, and the user 
presses a recipe creation start button 132 for starting the 
conditioning operation. The conditioning operation includes 
contrast setting for the electron optical system, pattern 
layout setting for the wafer 31, pattern positioning 
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alignment for the wafer 31, calibration in which a signal 
level of the wafer 31 is checked at a position were the 
signal level is indicated accurately, inspection condition 
setting image processing region setting for specifying an 
image processing region 200 and an image processing 
condition 201 thereof, and setup condition check in trial 
inspection. The contrast setting, image processing region 
setting, and trial inspection, which form essential parts 
of the present invention, will now be described. 

[0089] The general control part 110 provides 

operational instructions to each part in the following 
manner. First, the general control part 110 issues an 
operational instruction to the loader (not shown) so that 
the loader takes the wafer 31 out of the cassette 114. 
Then, through the use of the orientation flat detector (not 
shown) , the circumferential shape of the wafer 31 is 
checked, and the wafer 31 is positioned according to the 
result of this check. The wafer 31 is then mounted on the 
stage 6, and the specimen chamber 107 is evacuated. 
Simultaneously, the electron optical system and the 
retarding voltage 108 are conditioned. A voltage is applied 
to the blanking plate 63 to turn off the electron beam 2. 
The stage 6 is moved so that the standard specimen 119 can 
be imaged, and an output of the Z sensor 113 is made 
effective. While a focal point of the electron beam 2 is 
maintained at a position corresponding to "a value detected 
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by the Z sensor 113 + an offset 112", raster scanning is 
performed by the deflector 105. In synchronization with 
this raster scanning, the voltage applied to the blanking 
plate 63 is turned off so that the wafer 31 is irradiated 
with the electron beam 2 as required. Backscattered, 
electrons or secondary electrons produced from the wafer 31 
are detected by the detector 8, which then outputs a 
detected analog signal. Through the A/D converter 9, the 
detected analog signal is converted into a digital image. 
By changing the offset 112, a plurality of digital images 
are detected, and in the general control part 110, an 
optimum offset for maximizing the sum of image differential 
values is determined. The optimum offset 111 thus 
determined is set up as the current offset value. 

[0090] After the optimum offset is established, the 

output of the Z sensor 113 is made ineffective and a screen 
transition is made to a contrast adjustment screen, such as 
shown in FIG. 10. The contrast adjustment screen comprises: 
a map display part 55 having a map display area, a button 
for controlling display of the entire wafer or die map, and 
a mouse operation command button 140 for controlling 
position movement or item selection by the use of the mouse 
121 (not shown) ; an image display part 56 having an image 
display area and an image changeover button 141 for setting 
an image magnification, selecting an optical micrograph 
image attained through the optical microscope 118 or a SEM 
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image attained through the electron optical system, and 
specifying a kind of image; a recipe creation item 
selection button 142; a recipe creation end button 133; and 
a recipe save button 134. On the contrast adjustment 
screen, the user sets the mouse operation command button 
140 to a movement mode, and performs movement on the map by 
clicking the mouse to view an image at the current position 
on the image display part. Then, the user assigns an 
adjustment item of the electron optical system to the knob, 
and adjusts each part of the electron optical system to 
attain proper contrast. 

[0091] The recipe creation end button 133 is used 

for terminating recipe creation; the recipe save button 134 
is used for saving recipe condition data; and the recipe 
creation item selection button 142 is used for setting 
another condition and issuing an instruction for screen 
transition. These buttons are available on all the screens. 
To open a trial inspection initial screen, such as shown in 
FIG. 11, the user sets the recipe creation item selection 
button 142 to a trial inspection item. 

[0092] The trial inspection initial screen 

comprises a map display part 55, a recipe creation end 
button 133, a recipe save button 134, a recipe creation 
item selection button 142, an inspection start button 143, 
and an inspection end button 144. The user sets the mouse 
operation command bitten 140 to a selection mode. Then, by 
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clicking a die on the map display part 55, the user can 
select /deselect a die for trial inspection. Each die can 
thus be selected for trial inspection. After selecting any 
die for trail inspection, the user presses the inspection 
start button 143 to start trial inspection. When trial 
inspection is started, the stage 6 is driven for movement 
to a scanning start position of the region to be inspected 
on the wafer 31 mounted thereon. 

[0093] A pre-measured offset value inherent in the 

wafer 31 is added to the offset 112, and the Z sensor 113 
is made effective. Then, along the scanning line 33 shown 
in FIG. 3, the stage 6 is scanned in the Y direction. In 
synchronization with this stage scanning, the deflector 105 
is scanned in the X direction. During a period of effective 
scanning, a voltage to the blanking plate 63 is turned off 
to let the electron beam 2 fall on the wafer 31 , f or 
scanning the surface thereof. Backscattered electrons or 
secondary electrons produced from the wafer 31 are detected 
by the detector 8, and through the A/D converter 9, a 
digital image of the stripe region 34 is attained. The 
digital image thus attained is stored into the memory 109. 
After completion of the scanning operation of the stage 6, 
the Z sensor 113 is made ineffective. The entire region of 
interest can be inspected by repeating stage scanning. In 
cases where the entire surface of the wafer 31 is 
inspected, the scanning sequence shown in FIG. 12 is 
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adopted . 

[0094] When the detection position A 35 is selected 

in the image processor circuit 202, an image attained at 
the detection position A 35 is compared with an image 
attained at the detection position B 36, which has been 
stored in the memory 109. If any difference is found in 
comparison, the difference is extracted as a pattern defect 
11 to prepare a list of pattern defects 11. The list of 
pattern defects 11 thus prepared is sent to the general 
control part 110. After completion of inspection of the 
entire region of interest, the user opens a trial 
inspection defect check screen, such as shown in FIG. 13. 

[0095] The trial inspection defect check screen 

comprises a defect display editing part 150 for displaying 
feature quantity data of defects and editing classification 
thereof, a map display part 55 in which a current position 
indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displayed on a layout of 
the wafer 31, an image display part 56 in which an image 
taken at the current position is displayed, a display 
changeover button 151 for turning on/off masked defects 43, 
and other buttons which have already been described. 

[0096] The user sets the mouse operation command 

button 140 to the selection mode, and then clicks any 
pattern defect 11 indicated on the map display part 55. 
Thus, an image of the pattern defect 11 is presented on the 
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image display part 56, and feature quantity data thereof is 
presented on the defect display editing part 150. On the 
defect display editing part 150, the pattern defect 11 is 
subjected to classification according to the image and 
feature quantity data thereof, i.e., a class code is 
assigned to the feature quantity data of the pattern defect 
11. At this step, if it is desired to treat the pattern 
defect 11 as a masked defect, a particular class code is 
assigned thereto. Thus, it can be identified as a masked 
defect on the map display part 55. After completion of the 
defect classification, the user makes a transition to an 
image processing region setting screen shown in FIG. 17 by 
using the recipe creation item selection button, or the 
user returns to the trial inspection initial screen by 
pressing the inspection end button. 

[0097] The image processing region setting screen 

comprises a map display part 55 in which a current position 
indicator 59 indicating the current position, class code 
symbols of pattern defects 11, and an image processing 
region 200 are displayed on a layout of the wafer 31; an 
image display part 56 in which an image taken at the 
current position is displayed; a defect redisplay button 
207 for defect indication based on feature quantity image 
data of each pattern defect 11; a new region button 160 for 
creating a new region; a completion button 161 for 
indicating the end of creation of a new region, and other 
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buttons which have already described. Note that the map 
display part 55 presents the entire die region. The current 
position indicator 59 and pattern defects 11 in the entire 
die region are indicated in representation of on-die 
coordinates. The user sets the mouse operation command 
button 140 to the movement mode, and then clicks in the 
vicinity of a class code of any defect corresponding to the 
image processing condition 201 to be changed for making 
movement thereto. Thus, an image of the defect of interest 
is presented on the image display part 56. 

[0098] If the user judges that the image processing 

condition 201 should be changed, the user presses the new 
creation button 160 to select a region creation mode. In 
this mode, the user defines a region by clicking at the 
upper left corner and the lower right corner thereof on the 
image display part, and the user provides a correspondence 
between an image processing condition number 206 of the 
region and a class code. Reference is made to the feature 
quantity image data 203 of a pattern defect 11 having the 
class code which corresponds to the image processing 
condition number, and the image processing condition 201 is 
set up for the image processing condition number so that 
all-defects detection will not be made by the image 
processor circuit or software in the general control part 
(computer). As required, the user adjusts the image 
processing condition 201 manually- Using a special 
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condition on/off button 208, the user specifies whether or 
not the image processing condition 201 is to be applied at 
the time of inspection- On the map display part 55, the 
defined region is indicated as an image processing region 
200 together with the image processing condition number. 
After creating the image processing region 200 as mentioned 
above, the user presses the defect redisplay button 207 to 
confirm that each pattern defect 11 belonging to the image 
processing region 200 is not indicated. When the image 
processing region 200 is set up as required, the user 
presses the recipe save bitten 134. Thus, data regarding 
the image processing region 200, the image processing 
condition number corresponding thereto, and the image 
processing condition 201 for each image processing number 
are saved in a recipe. 

[0099] After saving the above data, the user 

presses the ccnpletion button 161 to return to the trial 
inspection defect check screen. Further, on the trial 
inspection defect check screen, the user presses the 
inspection end button 144 to return to the trial inspection 
initial screen. Then, it is possible for the user to select 
another die for trial inspection. For confirming and 
terminating the above-mentioned recipe creation session, 
the user presses the recipe creation end button 133. Upon 
completion of the recipe creation, the wafer 31 is unloaded 
back to the cassette 114 . 
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[0100] The following describes the inspection 

operation. In the inspection operation, the user opens the 
startup screen shown in FIG. 9 on the operation display 45. 
On the slot selection part 130 of the startup screen, the 
user selects a code number of a slot where the wafer 31 to 
be inspected is contained. Then, on the recipe selection 
part 131, the user specifies a product type of the wafer 31 
and a process step thereof, and the user presses an 
inspection start button 330 for starting the inspection 
operation. After wafer loading, alignnant and calibration 
are performed, inspection processing is carried out. Then, 
defect check and defect data output are performed, and 
wafer unloading is carried out at the end of inspection. 
The inspection processing and defect check, which form 
essential parts of the present invention, will now be 
described. 

[0101] When the user presses the inspection start 

button 330 to indicate the start of inspection, the stage 6 
is driven for movement to a scanning start position of the 
region to be inspected on the wafer 31 mounted thereon. A 
pre-measured offset value inherent in the wafer 31 is added 
to the offset 112, and the Z sensor 113 is made effective. 
Then, along the scanning line 33 shown in FIG. 3, the stage 
6 is scanned in the Y direction. In synchronization of this 
stage scanning, the deflector 105 is scanned in the X 
direction. During a period of effective scanning, a voltage 
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to the blanking plate 63 is tuned off to let the electron 
beam 2 fall en the wafer 31 for scanning the surface 
thereof. Backscattered electrons or secondary electrons 
produced from the wafer 31 are detected by the detector 8, 
and through the A/D converter 9, a digital image of the 
stripe region 34 is attained. The digital image thus 
attained is stored into the memory 109. After completion of 
the scanning operation of the stage 6, the Z sensor 113 is 
made ineffective. The entire region of interest can be 
inspected by repeating stage scanning. In cases where the 
entire surface of the wafer 31 is to be inspected, the 
scanning sequence shown in FIG. 12 is adopted. 

[0102] When the detection position A 35 is selected 

in the image processor circuit 202, an image attained at 
the detection position A 35 is ccnpared with an image 
attained at the detection position B 36, which has been 
stored in the memory 109. If any difference is found in 
comparison, the difference is extracted as a pattern defect 
11 to prepare a list of pattern defects 11. The list of 
pattern defects 11 thus prepared is sent to the general 
control part 110. After ccupletion of inspection of the 
entire region of interest, an inspection defect check 
screen, such as shown in FIG. 15, is opened. 

[0103] The inspection defect check screen comprises 

a defect display editing part 150 for displaying feature 
quantity data of defects and editing classification 
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thereof, a map display part 55 in which a current position 
indicator 59 indicating the current position and class code 
symbols of pattern defects 11 are displayed on a layout of 
the wafer 31, an image display part 56 in which an image 
taken at the current position is displayed, a display 
changeover button 151 for turning on/off masked defects 43, 
and an inspection end button 144 for indicating the end of 
inspection. The user sets the mouse operation command 
button 140 to the selection mode, and then clicks any 
pattern defect 11 indicated on the map display part 55. 
Thus, an image of the pattern defect 11 is presented on the 
image display part 56, and feature quantity data thereof is 
presented on the defect display editing part 150. On the 
defect display editing part 150, the pattern defect 11 is 
subjected to classification according to the image and 
feature quantity data thereof, i.e., a class code is 
assigeed to the feature quantity data of the pattern defect 
11 . 

[0104] A display changeover button 209 is provided 

for turning on/off the display for the image processing 
condition 201 in the image processing region 200. With this 
button, the user can perform a display changeover according 
to whether or not the image processing condition 201 is 
applied to each pattern defect 11 in the image processing 
regien 200. If, by using the special condition on/off 
button 208, the user has specified that the image 
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processing condition 201 is to be applied at the time of 
inspection, a display changeover with the image display 
changeover button 209 is not available since the image 
processing condition 201 is already applied. To terminate 
the inspection defect check session mentioned above, the 
user presses the insp ection end button 144. Each 
classified pattern defect 11 and feature quantity data 
thereof are stored into memory means (not shown) in the 
general control part 110, and they are also delivered to 
external memory means (not shown) through a communication 
line (not shown) or to other inspection/observation means 
(not shown) . Then, control is returned to the initial 
screen . 

[0105] According to one aspect of the second 

preferred embodiment, the entire surface of each wafer can 
be inspected using a SEM image thereof without regard to 
pattern defects in the image processing region 200, i.e., 
true pattern defects 57 only can be indicated to the user 
for easy identification thereof. 

[0106] Further, according to another aspect of the 

second preferred embodiment, it is possible to display 
defects in the image processing region 200. Therefore, in 
cases where rough patterning is used to form a redundant 
power wiring layer, the degree of roughness in patterning 
can be exauiined by means of display changeover. 

[0107] Still further, according to another aspect 
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of the second preferred embodiment, an image processing 
condition can be set so that false defects identified under 
actual inspection conditions will not be detected. It is 
therefore possible for the user to specify a threshold 
properly just as required. 

[0108] Furthermore, according to another aspect of 

the second preferred embodiment, a different image 
processing region 200 can be created additionally. 
Therefore, in cases where the image processing condition 
201 has been defined using an object containing a small 
degree of random variation, the user can set up a new image 
processing region additionally to provide proper 
conditioning for image processing as required. 

[0109] Moreover, according to another aspect of the 

second preferred embodiment, the image processing condition 
201 is adjustable without completely deleting data of 
pattern defects 11 an the image processing region 200. 
Therefore, the user can adjust the image processing 
condition 201 so that false defect detection will be 
prevented as required while possible defects remain 
inspectable . 

[0110] Still further, according to another aspect 

of the second preferred embodiment, in cases where, by 
using the special condition on/off button 208, the user has 
specified that the image processing condition 201 is not to 
be applied at the time of inspection, it is possible to 
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alter the image processing region 200 and the image 
processing condition 201. Therefore, even if it becomes 
necessary to provide a different image processing condition 
due to variation in a fabrication process, the user has 
only to adjust the image processing condition 201. Thus, 
inspection can be carried out using feature quantity data 
acquired already . 
Embodiment 3 : 

[0111] A third preferred embodiment of the present 

invention will now be described. 

[0112] FIG. 18 shows an example of the 

configuration of an electron-beam pattern inspection 
apparatus according to the third preferred embodiment of 
the present invention- The electron-beam pattern inspection 
apparatus comprises an electron optical system including: 
an electron source 1 for anitting an electron beam 2 in the 
form of an electron gun in which the electron beam 2 from 
the electron source 1 is extracted and accelerated by an 
electrode to produce a virtual electron source at a 
predetermined point through an electrostatic or magnetic 
field superimposing lens; a condenser lens 60 for 
converging the electron beam 2 from the virtual electron 
source at a predetermined convergence point; a blanking 
plate 63 which is equipped in the vicinity of the 
convergence point of the electron beam 2 for turning on/off 
the electron beam 2; a deflector 105 for deflecting the 
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electron beam 2 in the X and Y directions; and an objective 
lens 4 for converging the electron beam 2 onto an object 
substrate 5. 

[0113] Further, the electron-beam pattern 

inspection apparatus comprises: a specimen chamber 107 in 
which the object substrate (wafer 31) is held in a vacuum; 
a stage 6 where the wafer 31 is mounted and to which a 
retarding voltage 108 is applied for enabling detection of 
an image at an arbitrary position; and a detector 8 for 
detecting secondary electrons 7 or the like produced from 
the object substrate to output a detected analog signal. 
An A/D converter 9 is provided for converting the detected 
analog signal into a digital image, which is stored in a 
memory 109 for storing digital image data, and an image 
processor circuit 10 compares the converted digital image 
with a reference digital image stored in the memory 109 and 
identifies a difference found in the comparison as a 
candidate defect 40. A candidate defect memory part 41 is 
provided for storing feature quantity data 203 of each 
candidate defect 40, such as coordinate data, projection 
length data and shape data. A feature quantity check part 
251 is provided in which feature quantity data 203 of each 
candidate defect 40 is received from the candidate defect 
memory part 41 and it is checked to see whether the 
candidate defect 40 meets prespecified feature quantity 
data 250- A detail image processing part 252 is provided 
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in which, under an image processing condition 201 specified 
for each feature quantity data, a judgnent for determining 
each pattern defect 11 is formed on the candidate defect 40 
that has proved to meet the prespecif ied, feature quantity 
data 250 as determined by the feature quantity data check 
part 251, and a general control part 110 receives data of 
each pattern defect 11 from the detail image processing 
part 252 (control lines from the general control part 110 
are not shown in FIG. 18) . An operation display 45 is 
provided on which data of pattern defects 11 is displayed, 
an image of a selected pattern defect 11 is displayed, and 
the image processing region 200 is displayed or edited. 

[0114] Still further, the electron-beam pattern 

inspection apparatus comprises a keyboard, a mouse and a 
knob (not shown) for operathen and control; a Z sensor 113 
for measuring the height level of each wafer 31 to maintain 
a focal point of a detected digital image through control 
of a current applied to the objective lens by adding an 
offset 112; a loader (not shown) for loading the wafer 31 
from its cassette 114 to the specimen chatter 107 and 
unloading the wafer 31 from the specimen chamber 107 to the 
cassette 114; an orientation flat detector (not shown) for 
positioning the wafer 31 according to the circumferential 
shape of the wafer 31; an optical microscope 118 for 
providing for observation of a pattern on the wafer 31; and 
a standard specimen 119 which is set en the stage 6. 
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[0115] Operations in the thir d preferred 

embodiment include a conditioning question, in which 
feature quantity data 250 and an image processing condition 
201 thereof are set up, and an inspection operation, in 
which pattern defects 11 are detected. 

[0116] In the conditioning operation, the user 

opens the startup seen shown in FIG. 9 on the operathen 
display 45. On a slot selection part 130 of the startup 
screen, the user selects a code number of a slot where the 
wafer 31 to be ins pected is contained. Then, on a recipe 
selection part 131, the user specifies a product type of 
the wafer 31 and a process step thereof, and the user 
presses a recipe creation start button 132 for starting the 
conditioning operation. Conditioning operation includes 
contrast setting for the electron optical system, pattern 
layout setting for the wafer 31, pattern positioning 
alignment for the wafer 31, calibration in which a signal 
level of the wafer 31 is checked at a position where the 
signal level is indicated accurately, inspection condition 
setting, image processing feature quantity data setting for 
specifying feature quantity data 250 and an image 
processing condition 201 thereof, and setup condition check 
in trial inspection. The contrast setting, image processing 
feature quantity data setting, and trial inspection, which 
form essential parts of the present invention, will now be 
described . 
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[0117] The general control part 110 provides 

operational instructions to each part in the following 
manner. First, the general control part 110 issues an 
operational instruction to the loader (not shown) so that 
the loader takes the wafer 31 out of the cassette 114. 
Then, through the use of the orientation flat detector (not 
shown) , the circumferential shape of the wafer 31 is 
checked, and the wafer 31 is positioned according to the 
result of this check. The wafer 31 is then mounted on the 
stage 6, and the specimen chamber 107 is evacuated. 
Simultaneously, the electron optical system 106 and the 
retarding voltage 108 are conditioned. A voltage is applied 
to the blanking plate 63 to turn off the electron beam 2. 
The stage 6 is moved so that the standard specimen 119 can 
be imaged, and an output of the Z sensor 113 is made 
effective. While a focal point of the electron beam 2 is 
maintained at a position corresponding to "a value detected 
by the Z sensor 113 + an offset 112", raster scanning is 
performed by the deflector .105. In synchronization with 
this raster scanning, the voltage applied to the blanking 
plate 63 is turned off so that the wafer 31 is irradiated 
with the electron beam 2 as required. 

[0118] Backscattered electrons or secondary 

electrons produced from the wafer 31 are detected by the 
detector 8, which then outpits a detected analog signal. 
Through the A/D converter 9, the detected analog signal is 
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converted into a digital image. By changing the offset 112, 
a plurality of digital images are detected, and in the 
general control part 110, an optimum offset for maximizing 
the sun of image differential values is determined. The 
optimum offset thus determined is set up as the current 
offset value. After the optimum offset is established, the 
output of the Z sensor 113 is made ineffective, and a 
screen transition is made to a contrast adjustment screen, 
such as shown in FIG. 10. 

[0119] The contrast adjustment screen comprises: a 

map display part 55 having a map display area, a button for 
controlling display of the entire wafer or die, map, and a 
mouse operation command button 140 for controlling position 
movement or item selection by the use of the mouse (not 
shown) ; an image display part 56 having an image display 
area and an image changeover button 141 for setting an 
image magnification, selecting an optical micrograph image 
obtained through the optical microscope 118 or a SEM image 
obtained through the electron optical system, and 
specifying a kind of image; a recipe creation item 
selection button 142; a recipe creation end button 133; and 
a recipe save button 134 . 

[0120] On the contrast adjustment screen, the user 

sets the mouse operation command button 140 to a movement 
mode, and performs movement on the map by clicking the 
mouse to view an image at the current position on the image 
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display part. Then, the user assigns an adjustment item of 
the electron optical system, to the knob, and adjusts each 
part of the electron optical system to attain proper 
contrast. The recipe creation end button 133 is used for 
terminating recipe creation; the recipe save button 134 is 
used for saving recipe condition data; and the recipe 
creation item selection button 142 is used for setting 
another condition and issuing an instruction for screen 
transition. These buttons are available on all the 
screens. To open a trial inspection initial screen, such as 
shown in FIG. 11, the user sets the recipe creation item 
selection button 142 to a trial inspection item. 

[0121] The trial inspection initial screen 

comprises a map display part 55, a recipe creation end 
button 133, a recipe save button 134, a recipe creation 
item selection button 142, an inspection start button 143, 
and an inspection end bit ton 144. The user sets the mouse 
operation command button 140 to a selection mode. Then, by 
clicking a die on the map display part 55, the user can 
select /deselect the die for trial inspection. Each die can 
thus be selected for trial inspection. After selecting any 
die for trial inspection, the user presses the inspection 
start button 143 to start trial inspection. When trial 
inspection is started, the stage 6 is driven for movement 
to a scanning start position of the region to be inspected 
on the wafer 31 mounted thereon. A pre-measured offset 
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value inherent in the wafer 31 is abed to the offset 112, 
and the Z sensor 113 is made effective. Then, along the 
scanning line 33 shown in FIG. 3, the stage 6 is scanned in 
the Y direction. In synchronization with this stage 
scanning, the deflector 105 is scanned in the X direction. 
During a period of effective scanning, a voltage to the 
blanking plate 63 is turned off to let the electron beam 2 
fail on the wafer 31 for scanning the surface thereof. 

[0122] Backscattered electrons or secondary 

electrons produced from the wafer 31 are detected by the 
detector 8, and through the A/D converter 9, a digital 
image of the stripe region 34 is obtained. The digital 
image thus obtained is stored into the memory 109. After 
completion of the scanning operation of the stage 6, the Z 
sensor 113 is made ineffective. The entire region of 
interest can be inspected by repeating stage scanning. In 
cases where the entire surface, of the wafer 31 is 
inspected, a scanning sequence shown in FIG. 12 is carried 
out . 

[0123] When the detection position A 35 is selected 

in the image processor circuit 10, an image obtained at the 
detection position A 35 is compared with an image obtained 
at the detection position B 36, which has been stored in 
the memory 109. If any difference is found in comparison, 
the difference is extracted as a candidate defect 40 and 
feature quantity data of the candidate defect 40 is stored 
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into the candidate defect memory part 41. Simultaneously at 
the feature quantity data check part 251, it is checked to 
see whether the candidate defect 40 meets prespecified 
feature quantity data 250 or not. If the candidate defect 
40 meets the prespecified feature quantity data 250, data 
of the candidate defect 40 is sent to the detail image 
processing part 252. Then, in the detail image processing 
part 252, image processing is carried out under an image 
processing condition 201 determined for each prespecified 
feature quantity data to check whether the candidate defect 
40 is a pattern defect 11 or not. If the candidate defect 
40 is recognized as a pattern defect 11, an identification, 
code thereof stored in the candidate defect memory part 41 
is sent to the general control part 110. After completion 
of inspection of the entire region of interest, a defect 
check screen, such as shown in FIG. 19, is opened. 

[0124] The defect check screen comprises a defect 

display editing part 150 for displaying feature quantity 
data of defects and editing classification thereof; a map 
display part 55, in which a current position indicator 59 
indicating the current position and class code symbols of 
pattern defects 11 are displayed on a layout of the wafer 
31; an image display part 56, in which an image taken at 
the current position is displayed; a real/memory image 
display changeover button 255 for effecting a changeover 
between a real, image display and a memory image display, 
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and other buttons which have already been described. The 
user sets the mouse operation command button 140 to the 
selection mode, and then clicks any pattern defect 11 
indicated on the map display part 55, Then, if a real image 
selection has been made with the real/memory image 
changeover button 255, a coordinate location of the pattern 
defect 11 is taken for image acquisition. If a memory image 
selection has been made with the real/memory image 
changeover button 255, an image of the pattern defect 11 is 
presented on the image display part 56, and feature 
quantity data thereof is presented on the defect display 
editing part 150. On the defect display editing part 150, 
the pattern defect 11 is subjected to classification 
according to the image and feature quantity data thereof, 
i.e., a class code is assigned to the feature quantity data 
of the pattern defect 11. At this step, if it is desired to 
treat the patten defect 11 as a defect not to be detected 
58, a particular class code is assigned thereto. Thus, it 
can be identified as a defect not to be detected on the map 
display part 55. After completion of the defect 
classification, the user makes a transition to an image 
processing feature quantity data setting screen, as shown 
in FIG. 20, using the recipe creation item selection 
button, or the user returns to the trial inspection initial 
screen by pressing the inspection end button. 

[0125] The image processing feature quantity data 
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setting screen comprises a class code specifying part 262 
for specifying a class code of interest 261; a defect 
selection part 263 for selecting defects having the class 
code of interest in succession; a feature quantity data 
specifying part 264 for specifying feature quantity data of 
each selected defect and feature quantity data 250 used as 
a selection criterion; a map display part 55; an image 
display part 56, in which an image of each defect 11 is 
displayed; an image processing condition setting part 265 
for setting up an image processing condition number 
corresponding to an image processing condition 201 to be 
applied to an image selected by the feature quantity data 
specifying part 264; a defect redisplay button 207 for 
indicating on the map display part 55 the result of 
judgment attained after an evaluation imag.e processing part 
252 checks to see whether or not an image in the candidate 
defect memory part 41 is a pattern defect 11; a new feature 
quantity data creation button 266 for creating a new image 
processing condition number corresponding to prespecified 
feature quantity data 250; a completion button 161 for 
indicating the end of creation of new feature quantity 
data; and other buttons which have already described. The 
recipe save button 134 is provided for saving data in a 
recipe . 

[0126] After saving the data, the user presses the 

completion button 161 to return to the trial inspection 
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defect check screen. Further, en the trial inspection 
defect check screen, the user presses the inspection end 
button 144 to return to the trial inspection initial 
screen. Then, it is possible for the user to select another 
die for trial inspection. For confirming and terminating 
the above-mentioned session, the user presses the recipe 
creation end button 133. Upon completion of the recipe 
creation, the wafer 31 is unloaded back to the cassette 
114 . 

[0127] The inspection operation will now be 

described. In the inspection operation, the user opens the 
startup screen shown in FIG. 9 on the operation display 45. 
On the slot selection part 130 of the startup screen, the 
user selects a code number of a slot where the wafer 31 to 
be inspected is contained. Then, on the recipe selection 
part 131, the user specifies a product type of the wafer 31 
and a process step thereof, and the user presses an 
inspection start button 330 for starting the inspection 
operation. After wafer loading, alignment and calibration 
are performed, inspection processing is carried out. Then, 
defect check and defect data output are performed, and 
wafer unloading is carried out at the end of inspection. 
The inspection processing and defect check, which form 
essential parts of the present invention, will now be 
described . 

[0128] When the user presses the inspection start 
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button 330 to indicate the start of inspection, the stage 6 
is driven for movement to a scanning start position of the 
region to be inspected on the wafer 31 mounted thereon. A 
pre-measured offset value inherent in the wafer 31 is added 
to the offset 112, and the Z sensor 113 is made effective. 
Then, along the scanning line 33 shown in FIG. 3, the stage 
6 is scanned in the Y direction. In synchronization of this 
stage scanning, the deflector 105 is scanned in the X 
direction. During ,a period of effective scanning, a 
voltage to the blanking plate 63 is turned off to let the 
electron beam 2 fall on the wafer 31 for scanning the 
surface thereof. Backscattered electrons or secondary 
electrons produced from the wafer 31 are detected by the 
detector 8, and through the A/D converter 9, a digital 
image of the stripe region 34 is obtained. The digital 
image thus attained is stored into the memory 109. After 
completion of the scanning operation of the stage 6, the Z 
sensor 113 is made ineffective. The entire region of 
interest can be inspected by repeating stage scanning. In 
cases where the entire surface of the wafer 31 is 
inspected, the scanning sequence shown in FIG. 12 is 
employed . 

[0129] When the detection position A 35 is selected 

in the image processor circuit 202, an image obtained at 
the detection position A 35 is compared with an image 
obtained at the detection position B 36, which has been 
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stored in the memory 109. If any difference is found in 
comparison, the difference is extracted as a candidate 
defect 40 and stored in the candidate defect memory part 
41. Further, the feature quantity data check part 251 
selects a candidate defect meeting the prespecified feature 
quantity data, and using an image processing condition 201 
determined by an image processing condition number 
corresponding to the prespecified feature quantity data, 
the detail image processing part 252 formed a judgment on 
whether or not the candidate defect 40 is a pattern defect 
11 so as to prepare a list of pattern defects 11. The list 
of pattern defects 11 thus prepared is sent to the general 
control part 110. After completion of inspection of the 
entire region of interest, a defect check screen such as 
shown in FIG. 15 is opened. 

[0130] The defect check screen comprises a defect 

display editing part 150 for displaying feature quantity, 
data of defects and editing classification thereof; a map 
display part 55, in which a current position indicator 59 
indicating the current position and class code symbols of 
pattern defects 11 are displayed on a layout of the wafer 
31; an image display part 56 in which an image taken at the 
current position is displayed; a display changeover button 
151 for turning on/off candidate defects 41 with pattern 
defects 11 indicated; and an inspection end bit ten 144 for 
indicating the end of inspection. 
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[0131] The user sets the mouse operation command 

button 140 to the selection mode, and then clicks any 
pattern defect 11 indicated on the map display part 55. 
Thus, an image of the pattern defect 11 is presented on the 
image display part 56, and feature quantity data thereof is 
presented on the defect display editing part 150. On the 
defect display editing part 150, the pattern defect 11 is 
subjected to classification according to the image and 
feature quantity data thereof, i.e., a class code is 
assigned to the feature quantity data of the pattern defect 
11. A display changeover button 209 is provided for turning 
on/off the display for the image processing condition 201 
in the image processing region 200. With this button, the 
user can perform a display changeover according to whether 
or not the image processing condition 201 is applied to 
each pattern defect 11 in the image processing region 200. 
If, by using the special condition on/off button 208, the 
user has specified that the image processing condition 201 
is to be applied at the time of inspection, a display 
changeover with the image display changeover button 209, is 
not available, since the image processing condition 201 is 
already applied. To term mate the inspection defect check 
session mentioned above, the user presses the inspection 
end button 144. Each classified pattern defect 11 and 
feature quantity data thereof are stored into memory means 
(not shown) in the general control part 110, and they are 
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also delivered to external memory means (not shown) through 
a communication line (not shown) or to other 

inspection/observation means (not shown). Then, control is 
returned to the initial screen. 

[0132] According to one aspect of the third 

preferred embodiment, the entire surface of each wafer can 
be inspected using a SEM image thereof to detect true 
pattern defects 57 only. Thus, the user can identify the 
true pattern defects 57 with ease. 

[0133] Further, according to another aspect of the 

third preferred embodiment, in cases where rough patterning 
is used to form a redundant power wiring layer or a pattern 
edge, the degree of roughness in patterning can be examined 
by means of display changeover. 

[0134] Still further, according to another aspect 

of the third preferred embodiment, an image processing 
condition can be set so that false defects identified under 
actual inspection conditions will not be detected. It is 
therefore possible for the user to specify a threshold 
properly just as required. 

[0135] Furthermore, according to another aspect of 

the third preferred embodiment, the image processing 
condition 201 is adjustable without completely deleting 
data of pattern defects 11 in the image processing region 
200. Therefore, the user can adjust the image processing 
condition 201 so that false defect detection will be 
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prevented as require d while possible defects remain 
inspectable . 

[0136] As set forth hereinabove, and according to 

the present invention, the user can set up a non-inspection 
region that is effective for a device having a complex, 
large pattern area to be inspected, such as a wafer. 
Further, in cases where a considerable difference is found 
in comparative inspection of detected images, even if the 
difference is not actually a defect, the present invention 
makes it possible to avoid false defect detection while 
carrying out detection of minuscule defects. 

[0137] The invention nay be embodied in other 

specific forms without departing from the spirit or 
essential characteristics thereof. The present embodiments 
are therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims rather 
than by the foregoing description and all changes which 
care within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 
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